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Abstract. A cost estimation system is required to assist in designing a product family. The aim 
of this paper is to identify the requirements and the problems in estimating the life cycle cost of 
a product family. Then, this paper also presents the state-of-the-art and the research challenges 
in developing a life cycle cost estimation system for a product family design. As the 
conclusion, the life cycle cost estimation process for a product family still needs to face the 
challenges to determine the end of life strategy of each sub module of a product family, to 
integrate the end of life strategy to estimate the life cycle cost of a product family, to estimate 
the life cycle cost of each component level of a product family for design purposes and for 
different technologies and approaches, to reduce the required time and effort for updating 
process in estimating the life cycle cost for different structures of different product families, 
and to transform the available information into the required information in order to estimate the 
life cycle cost of a product family at the early stage of product development. 
1.  Introduction 
Manufacturing companies are now under pressure to provide a variety of products in a shorter lead-
time and in a cost effective way, without sacrificing product quality and environmental considerations, 
to be competitive in the market. Simpson (as cited in [1]) proposes that an effective means of fulfilling 
the requirements, to provide a variety of products in a cost effective way, is through a product family 
design. The implementation of a product family design is not only beneficial at the manufacturing and 
supply chain stages but also at the end of life stage. In general, a product family is defined as “a group 
of related products that is derived from a product platform to satisfy a variety of market niches” [2]. 
Derived from various definitions of a product platform as cited by Simpson et al., the groups of 
products are related because they share common functions, features, components, technologies, 
processes, knowledge, people and/or relationships, which form a product platform [2]. 
In this research, a product family is divided into five levels of components, which are part, product 
platform, variant, product variant, and product family level. Each component level is related to each 
other by its market segment. A product family consists of more than one product variant that share 
common things. Each product variant is developed to satisfy customers from a certain market segment. 
Each product variant consists of product platform and variant. A product platform consists of several 
parts that form a common structure. A variant is a part or a collection of parts that differentiates one 
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member of a product family from other members. A part is the lowest level component of a product 
family. Each part inherits the market segment attributes of the product variant to which it belongs. 
The growing implementation of a product family design has led to the need for a product family 
design support system especially the cost estimation system. However, most of the product family 
design methods provide a limited support for the cost estimation process [3]. Therefore, the aim of this 
paper is to identify the requirements and the problems in estimating the cost of a product family. In 
addition, this paper also presents the state-of-the-art and the research challenges in developing a cost 
estimation system for a product family design.  
The next section describes all the requirements in estimating the cost of a product family. Then, 
various problems in implementing the product family approach especially in estimating the cost of a 
product family are explained. In section 4, existing cost estimation systems are reviewed in order to 
fulfill the requirements and solve the identified problems for estimating the cost of a product family. 
Next, the requirements and the problems in estimating the cost of a product family and how the 
existing techniques handle the problems are discussed. Finally, the challenges in estimating the cost 
for a product family design are concluded in the last section. 
2.  Cost estimation system requirements for a product family 
A cost estimation system is required to assist in estimating the profitability of the product family 
design, performing an economic evaluation of the technical choices design, and controlling other 
processes in the product family design. It is also useful in performing the trade-off between the benefit 
and the complexity in optimizing the product family design. As a product family has five levels of 
components, the cost estimation of each level of component is required. Therefore, an appropriate cost 
estimation system is required to estimate the cost of each component level in order to assist in 
evaluating the design of a product family. 
A product family could have various structures. Even different product variants in the same product 
family could use different structures. The product structure defines how the functions or components 
of a product are arranged in a hierarchical structure. It describes the relationship among functions or 
components of a product. Different product family structures will influence the product family cost 
differently. Therefore, the product family structure must be taken into account in estimating the cost of 
a product family. 
The product family approach has been implemented by various types and sizes of companies. As 
various types and sizes of companies exist in the world, the cost estimation system must be able to be 
applied in different types and sizes of companies that implement different technologies and 
approaches. In addition, as technology is changing rapidly, the cost estimation system must be able to 
accommodate the changes or it will become unreliable. For that reason, the cost estimation system for 
a product family must be able to be implemented in different situations and take into account any 
changes. 
The cost estimation system must be able to estimate the life cycle cost of a product family. It 
involves all the incurred costs during the product design, the production, the product use, the support, 
and the disposal or recycling stage [4]. The life cycle cost is important to be used as an engineering 
tool for providing decision support in the design process. Many researchers have proposed a variety of 
cost estimation techniques. However, the majority of the cost estimation techniques are proposed to 
estimate the cost incurred at the pre-production and the production stages. The estimation of the post-
production costs, especially the end of life cost, is becoming important in performing an evaluation of 
the product family because the end of life cost now has a significant influence on the total cost of a 
product. The influence of the end of life cost is becoming significant because the costs of product take 
back, product recovery, and product disposal are now being imposed on manufacturers as a result of 
the increasing environmental awareness and the stricter regulations related to the environment. The 
estimation of the end of life cost is also important in understanding the potential benefits in 
remanufacturing and refurbishing.  
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The life cycle cost estimation of a product family should be performed at the early stage of product 
development. The early stage of product development refers to the stage after product planning and 
before the product detail design stage. According to Nevins and Whitney (as cited in [5]), it is 
important to estimate the life cycle cost at the early stage of product development, because at least 
70% of the product life cycle cost is committed at this stage. By performing the life cycle cost 
estimation at this stage, the cost could be adjusted as early as possible and as a result, decisions can be 
more easily made. In addition, it is more feasible to reduce the cost at the early stage of product 
development without resulting in many difficulties caused by late modification. 
3.  Cost estimation problems 
Although the implementation of a product family approach could bring various benefits, it could raise 
the complexity at all stages during the product life cycle, including the estimation of the life cycle cost 
of a product family. The implementation of a product family approach increases the range of products. 
The increased range of products increases the number of indirect activities, which benefit more than 
one product. As a result, it enlarges the portion of the indirect cost to the total cost. The increased 
portion of the indirect cost creates a significant error in estimating cost for product family by using a 
traditional volume-based cost estimation technique. The error becomes significant because a volume-
based cost estimation technique assumes that the indirect cost is proportional to the volume of the 
product. In fact, the indirect cost does not always vary with production volumes. The assumption 
causes under costing for certain types of products and over costing for other products. To reduce the 
error, the cost estimation system must be able to allocate the indirect cost properly. 
In addition, the implementation of a product family approach is more difficult compared to the 
implementation of multiple products because there are sharing components, processes, resources, etc. 
between or among members of a product family. The sharing component, process, resource, etc. 
between or among members could result in difficulty in allocating the cost of each member. It makes 
the cost estimation process for a product family much more difficult and could generate more errors 
than for an individual product and for multiple products. For that reason, the cost estimation system 
must be able to allocate the life cycle cost for each product variant of a product family. As the life 
cycle cost estimation of each component level is required in evaluating the design of the product 
family, the cost estimation system must also be able to allocate the life cycle cost of each component 
level of a product family. 
Another problem that arises in estimating the cost of a product family is that different product 
structures will result in different costs. As the cost estimation system must be able to estimate the life 
cycle cost of different structures of different product families, the system could require extensive time 
and effort in estimating the life cycle cost of various structures of a product family. In addition, it is 
required to store complete information for each product platform, variant, and product variant. To 
avoid this, the cost estimation system must be easily updated for different structures of different 
product families. 
The cost estimation system must be able to be applied in different types and sizes of companies [6]. 
It must also be able to accommodate the trend of technology and reflect any change inside the 
company or it will become unreliable. The implementation of the cost estimation system in different 
situations could require extensive time and effort in adapting process. Therefore, the cost estimation 
system for a product family must be easily adapted to reflect any changes. 
In addition, the life cycle cost of a product family is influenced by the end of life strategy of the 
product family. The end of life strategy of a product determines the end of life recovery process that 
will be conducted after the product is taken back. It is not realistic to determine the end of life strategy 
on product level because a product consists of more than one component that could have different 
attributes and end of life strategies. It is also not practicable to determine the end of life strategy on 
part level because it is usually less economical to disassemble a product into parts. The factors that can 
be used to determine the end of life of a sub module could be different compared to a product or a part. 
Various factors are used to determine the end of life strategy of a product that is at the end of its life 
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[7, 8, 9]. Other researchers have proposed other factors to determine the end of life strategy of a part 
[10, 11]. For that reason, the cost estimation system must consider various factors that influence the 
end of life of a sub module in estimating the life cycle cost. 
Furthermore, the need to estimate the cost at the early stage of product development results in 
another problem in estimating the life cycle cost of a product family. As a product family is 
represented by several attributes, then these attributes influence the life cycle cost of a product family. 
Not all attributes required to design a product family are available at the early stage of product 
development. At the conceptual design stage, geometry and material of the product are not yet known. 
According to Pahl, Beitz, Feldhusen, and Grote, the available product information is identified 
problems, required functions, working principles and structure [12]. In addition, Zha describes that the 
available product information at the beginning of the conceptual design is functional requirements and 
relevant production requirements [13]. Then, during the conceptual design stage, the information is 
transformed into critical design requirements. Based on the studies by Fixson, Simpson, et al., and by 
Park and Simpson, the available product family attributes at the early stage of product development 
are market segment, production volume, product family structure, and product family function [1, 14]. 
In order to estimate the cost of a product family at the early stage of product development, the cost 
estimation system must be able to use the market segment, the production volume, the product family 
structure, and the product family functions as its input.  
4.  Life cycle cost estimation techniques for a product family 
A large number of systems for estimating the cost of a product have been proposed by many 
researchers. The techniques used by the existing cost estimation systems can be divided into four 
classifications, which are intuitive, analogy, parametric, and analytic techniques [15].  
Intuitive cost estimation techniques use past experience to generate a body of knowledge related to 
the cost. This knowledge is then used to provide the required information to estimate the cost. These 
techniques allow the cost estimation of different product families at the early stage of product 
development. These techniques provide a transparent estimation process which can assist in cost 
analysis. However, these techniques heavily rely on past data and previous experience to develop the 
cost estimation system. They have become unreliable because technology is changing rapidly. In 
addition, they are mostly used to estimate cost of an individual part or product because they require a 
large amount of information and time to develop the system. Estimating the cost of various product 
families that consist of a large number and various parts requires much larger amounts of information 
and time than estimating an individual part. 
Analogy cost estimation techniques estimate the cost based on the historical data of products with 
known cost. The historical data are used to establish a relationship between the cost and the values of 
certain selected variables. After that, the relationship can be used to estimate the cost of a new product. 
These techniques are able to estimate the cost using conceptual and not detailed information as their 
input. In addition, this does not require a lot of data. These techniques are able to estimate the cost of a 
new product when the extensive database is not available. Therefore, these techniques could provide 
quick and easy life cycle cost estimation for a product family at the early stage of product 
development. However, the application of analogy cost estimation techniques is limited to those 
product families that have the same structure, because they use historical data of a certain product 
family. Analogy cost estimation techniques function as a black box in cost estimation and do not 
provide detailed information related to various factors and their influence on the cost. As a result, 
analogy cost estimation techniques cannot be used to assist in analyzing the cost of a product family 
and evaluating its design. 
Parametric cost estimation techniques use statistical methodology to develop a cost estimation 
model. Then, the parametric cost model estimates the cost using certain critical parameters of the 
product. These techniques can be used in estimating the cost estimation of a product family at the early 
stage of product development. These techniques are able to estimate the life cycle cost of a product 
family as long as all critical parameters that influence the life cycle cost are identified. However, as 
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they require and use previous data of a certain product family, they are not able to estimate the cost of 
different product families with different critical parameters. In addition, the accuracy of the technique 
is very low because they specify a complex product family with only a limited number of parameters.  
Analytical cost estimation techniques estimate the product cost by summing the cost of all the 
decompositions of the product. This method requires detailed information about the decomposition of 
the product to estimate the cost. These techniques require detailed information and are difficult to be 
implemented at the early stage of product development. 
The existing cost estimation techniques have been analyzed in order to estimate the life cycle cost 
of a product family at the early stage of product development. In order to assist in evaluating a product 
family, the cost estimation system must be able to estimate the life cycle cost of different structures of 
a product family, allocate the life cycle cost of each component level of a product family, be 
implemented at the early stage of product development, be adapted and updated easily. Each cost 
estimation technique has its own strengths and limitations in estimating the life cycle cost of a product 
family. The result of the requirement analysis is summarized in Table 1. 
 
Table 1. Analysis results. 
Requirements Intuitive Analogy Parametric Analytic 
Able to estimate the life cycle cost 
of different structures of a product 
family 
Yes No No Yes 
Able to allocate the life cycle cost 
of each component level of a 
product family 
Yes No No Yes 
Able to be implemented at the early 
stage of product development 
Yes Yes Yes No 
Able to be adapted and updated 
easily 
No Yes Yes Yes 
 
One of the analytic cost estimation techniques, the activity-based costing technique, has been 
proposed by several researchers to estimate the cost of a product family. The activity-based costing 
technique is considered as a potential costing method for estimating the cost of a product family. Even 
though the activity-based costing technique can solve some difficulties in estimating the life cycle cost 
of a product family, it still has several disadvantages. Although this technique is able to estimate the 
life cycle cost of different structures of different product families, it requires an extensive time and 
effort to estimate the life cycle cost of different product families and is difficult and costly to be 
updated in order to reflect any changes. This technique also has difficulties in evaluating the life cycle 
cost in different types and sizes of companies because the consumed activities and resources will be 
different from one company to another company that use different technologies and approaches. Then, 
an activity-based costing technique is difficult to be implemented at the early stage of product 
development because detailed information related to consumed activities and resources should be 
available in using an activity-based costing technique. Last, the original aim of this technique is to 
estimate the cost of a product family for accounting purposes. It will need an adaptation to suit the 
purpose as a design support system. 
5.  Discussion 
In this section, the requirements and the problems in estimating the cost of a product family are 
discussed. In addition, how the existing techniques handle the problems is also discussed.  
The end of life strategy has a significant influence in the end of life cost of a product family. The 
existing studies have determined the end of life strategy on the product or part level. As it is not 
feasible to determine the end of life strategy on the product or part level, the end of life strategy must 
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be determined on the sub-module level. In addition, the factors that can be used to determine the end 
of life of a sub-module could be different compared to a product or a part. Considering this fact, there 
is a need to investigate various ends of life strategies of a sub module, to develop a new method in 
order to determine the end of life strategy of each sub module of a product family, and to integrate the 
end of life strategy for estimating the life cycle cost of a product family. 
The existing cost estimation techniques have their own difficulties in fulfilling the requirement of 
estimating the life cycle cost of each component level of a product family. To solve these difficulties, 
the activity-based costing technique has been proposed as a potential costing method for estimating the 
cost of a product family. However, this technique still experiences some difficulties in estimating the 
life cycle cost in different types and sizes of companies that use different technologies and approaches 
because they consume different activities and resources. In addition, it is not intended for design 
purpose. Therefore, there is a need to develop a novel technique that can be used to estimate the life 
cycle cost of each component level of a product family for design purposes and can be adapted easily 
for different technologies and approaches. 
The existing techniques require extensive time and effort to estimate the life cycle cost of different 
structures of different product families. They need to store complete information for each product 
platform, variant, product variant, and product family. Therefore, it is important to develop a new 
method that can reduce the required time and effort for updating process in estimating the life cycle 
cost for different structures of different product families. 
Last, the available product family attributes at the early stage of product development, which is the 
market segment, the production volume, the structure, and the function, cannot directly be used to 
estimate the life cycle cost of a product family. How to use these available attributes of a product 
family to estimate the life cycle cost at the early stage of product development has not been studied 
yet. In addition, most of the existing systems do not provide detailed information related to various 
factors and their influence on the cost. As a result, they cannot be used to assist in analyzing the cost 
of a product family and evaluating its design. For that reason, it is important to find a way to transform 
the available information into the required information in order to estimate the life cycle cost and 
evaluate the design of a product family at the early stage of product development 
6.  Conclusion 
A cost estimation system is required to estimate the life cycle cost in order to evaluate the design of 
different product families at the early stage of product development. The existing techniques do not 
provide satisfying answers for the identified problems. Therefore, the life cycle cost estimation 
process for a product family still needs to face and solve the challenges below: 
1. A new method is required to determine the end of life strategy of each sub module of a product 
family and to integrate the end of life strategy for estimating the life cycle cost of a product 
family, 
2. A novel technique needs to be developed to estimate the life cycle cost of each component level 
of a product family for design purposes and can be adapted easily for different technologies and 
approaches, 
3. A new method is required to reduce the required time and effort for updating process in 
estimating the life cycle cost for different structures of different product families, 
4. It is important to find a way to transform the available information into the required information 
in order to estimate the life cycle cost of a product family at the early stage of product 
development. 
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